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Variant in CAPN10 gene and environmental factors 
show evidence of association with excess weight among 
young people in a Colombian population.
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Introduction: Obesity results from interaction between genetic and environmental risk factors.
Objective: To evaluate the effect of three gene variants and environmental factors on obesity and 
overweight in young people aged 10 to 18 years in a Colombian population.
Materials and methods: A total of 424 subjects were selected and separated into three groups for a 
cross-sectional study; 100 obese and 112 overweight subjects were matched with 212 normal-weight 
controls. Associations were evaluated between excess weight and three genetic polymorphisms (UCP3-
rs1800849, FTO-rs17817449, and CAPN10-rs3842570), as well as the family history, the time spent 
watching television and playing video games, and the diet.
Results: A family history of obesity, the time spent watching television and playing video games, the lack 
of breastfeeding, a low consumption of cereals, legumes, fruits, vegetables, and a high consumption of 
fast foods were characteristics typically found in obese individuals compared to controls. A significant 
association between genotype I/I (SNP19 of CAPN10) and excess weight was found even with an active 
lifestyle. In addition, significant associations between the C/C genotype of the UCP3 gene and the G/G 
and T/T genotypes of the FTO gene and excess weight were found only in young sedentary individuals.
Conclusions: In this population, inadequate diet and sedentary lifestyle increased the risk of excess 
weight. Genotype I/I of SNP19 in CAPN10 was significantly associated with excess weight. In contrast, 
FTO and UCP3 variants exhibited effects only in sedentary environments.
Key words: Obesity, adolescent, risk factors, motor activity, Colombia.
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Una variante del gen CAPN10 y los factores ambientales muestran asociación con el exceso de 
peso en jóvenes colombianos.
Introducción. La obesidad resulta de la interacción entre factores de riesgo genéticos y ambientales.
Objetivo. Evaluar el efecto de tres variantes genéticas y factores ambientales en el exceso de peso en 
jóvenes de 10 a 18 años de Medellín, Colombia.
Materiales y métodos. Se hizo un estudio transversal en 424 jóvenes divididos en tres grupos: 100 
obesos, 112 jóvenes con sobrepeso, y, pareados con ellos, 212 jóvenes con peso adecuado, que 
conformaron el grupo de control. Se evaluó la asociación entre tres polimorfismos genéticos (UCP3-
rs1800849, FTO-rs17817449 y CAPN10-rs3842570) y el exceso de peso, así como su interacción con 
antecedentes familiares de enfermedad, el tiempo dedicado a ver televisión y a jugar videojuegos y 
el consumo de alimentos.
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Resultados. Los antecedentes familiares de obesidad, la dedicación de más de dos horas al día a ver 
televisión y jugar videojuegos, la falta de lactancia materna, el bajo consumo de cereales, legumbres, 
frutas y verduras y el gran consumo de comidas rápidas fueron más frecuentes entre los obesos que 
en los controles. Se observó una asociación significativa entre el genotipo I/I (SNP19 del CAPN10) 
y el exceso de peso, incluso en los jóvenes que llevaban una vida activa. Además, se encontró una 
asociación significativa entre los genotipos C/C del UCP3 y G/G y T/T del FTO y el exceso de peso, 
pero solo en los jóvenes sedentarios.
Conclusiones. En esta población, la alimentación inadecuada y el sedentarismo aumentaron el riesgo 
de exceso de peso. El genotipo I/I de SNP19 del CAPN10 se asoció significativamente con el exceso 
de peso. Algunas variantes del FTO y el UCP3 mostraron tener efecto solo en jóvenes sedentarios.
Palabras clave: obesidad, adolescente, factores de riesgo, actividad motora, Colombia. 
doi: http://dx.doi.org/10.7705/biomedica.v34i4.2246
Obesity among children and teenagers has grown at 
an alarming rate in recent years and is increasingly 
beginning at younger ages. By 2010, there were 42 
million overweight children worldwide and 35 million 
of them lived in developing countries (1). Notably, 
the Third National Health and Nutrition Examination 
Survey of the United States (NHANES III) showed 
that the number of obese children and teenagers 
had tripled between 1980 and 2010 (2). In Colombia, 
the situation is also alarming, as the percentage of 
teenagers with excess weight increased from 10.3% 
in 2005 (3) to 17.5% in 2010 (4).
Storing excess body fat negatively affects health, 
more so when accumulation by adipocytes exceeds 
the expansion capacity of cells, which promotes an 
inflammatory state that causes insulin resistance 
(IR). In addition, when lipids are stored in “unsuitable” 
organs, such as the pancreas, liver, and in muscles, 
this can cause lipotoxicity (5). Obesity increases 
the risk of cardiovascular disease, type 2 diabetes 
mellitus (T2DM), dyslipidemia, and hypertension. 
Obesity occurs when energy intake is greater than 
energy expenditure. Energy intake depends on the 
availability of foods as well as appetite control, which 
is a specific trait of individuals. Energy expenditure 
is a function of the amount of physical activity and 
energy metabolism efficiency. Appetite regulation 
and energy metabolism efficiency depend on gene 
variants involved in hunger, satiety, energy metab-
olism, and thermoregulation (6).
Increased obesity is related to the availability of 
foods of high caloric density, larger portions, and fre-
quent fast-food consumption (7). The environmental 
component with the largest impact on energy 
expenditure is physical activity. Particularly for 
children and teenagers, physical activity includes 
time spent practicing sports, which contrasts with 
time spent on sedentary activities, such as playing 
video games and watching television (8).
Studies in twins and adopted children show evi-
dence of a genetic predisposition to obesity with 
heritability ranging from 40% to 80% depending on 
age (9). Obesity acquired by complex inheritance 
results from the interaction of many genes with 
one another, as well as with environmental factors. 
The complex nature of obesity has been confirmed 
in 61 genome wide scans, which identified 127 
obesity candidate genes and related phenotypes 
(10). However, these results vary greatly according 
to the ancestral origin of the populations studied. 
In this study, we evaluated the fat mass and obesity 
associated (FTO) gene because it showed up as a 
candidate gene of body mass index in children and 
adults of different populations (11-13). The obesity-
associated single nucleotide polymorphisms (SNP) 
are located in intron 1 of the FTO, all of which fall in 
a region of strong linkage disequilibrium (14); FTO 
encodes a protein that repairs alkylated DNA and 
RNA by oxidative demethylation (15); it has been 
implicated in increasing energy intake by regulating 
the expression of the genes that control appetite, 
such as leptin, leptin receptor, and neuropeptide Y 
(16). FTO has been associated with the modification 
of the degree of obesity in response to physical 
activity (17).
Further, we evaluated genetic variants in the uncou-
pling protein-3 (UCP3) and calpain-10 (CAPN10), 
because there is evidence that they are associated 
with obesity in American populations (18,19). UCP3 
activity uncouples the hydrogen ion gradient 
in the respiratory chain to produce adenosine 
triphosphate (ATP), which increases metabolism 
and releases heat. UCP3 is homologous to the 
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uncoupling protein–1 (UCP1) and is also believed 
to be involved in thermoregulation (20). It has been 
suggested that UCP3 transports protonated fatty 
acids across the inner membrane, decreasing 
triglycerides and increasing oxidation and energy 
expenditure (21,22). Polymorphism -55 C/T in 
the UCP3 has been associated with body mass 
index (BMI) in French Caucasians in interaction 
with physical activity (23) and body composition in 
Hispanic and non-Hispanic white females (24). This 
polymorphism is potentially interesting because 
it is located only six (6) bp from the TATA box, 
leading to the hypothesis that it could modify UCP3 
gene expression and, therefore, modulate energy 
homeostasis and body weight regulation.
CAPN10 belongs to a superfamily of 15 cysteine 
proteases that are dependent on intracellular 
calcium. In this gene, SNPs 19, 43 and 63 have 
been implicated in decreased energy expenditure in 
several populations (25,26). Among the mechanisms 
in the CAPN10  variants that lead to decreased energy 
expenditure are mitochondria-dependent negative 
regulation of glucose metabolism, decreased insulin 
secretion, and β3-adrenoceptor lipolytic sensitivity 
(27). In the Mexican pediatric population, a reduction 
in the CAPN-10 mRNA expression was observed in 
the excess weight groups with respect to the healthy 
weight group associated with InDel-19 (28).
Studying genotype x environment interactions in 
admixed populations gives a unique opportunity 
to find risk factors associated with overweight 
and obesity. Latin American populations, such as 
Colombians, are excellent examples of admixed 
populations since their genetic makeup consists 
of a recent mixture in different proportions of three 
ancestral populations: Amerindian, African, and 
European (29,30). The evaluation comprised envi-
ronmental factors and genetic variants in the FTO, 
UCP3 and CAPN10 genes with respect to energy 
consumption and expenditure in normal weight, 
overweight and obese youngsters of Medellín, 
Colombia, to assess genotype x environment 
relations determining overweight in this population.
Materials and methods
Design
Four hundred twenty four (424) young people of both 
genders, ranging from 10 to 18 years of age, were 
selected from a previous study in which we inves-
tigated the prevalence of obesity and overweight 
among 1,060 young people from a company that 
provides health services. The BMI (weight/height 
in Kg/m2) was calculated, and participants were 
classified according to the 2007 World Health 
Organization (WHO) classification (31); all young 
people who exhibited excess weight were included 
for this study, both obese (BMI>percentile 98) 
(n=100) and overweight (p85<BMI<p98) (n=112). 
From the remaining youngsters with normal weight 
(p15<BMI<p85), 212 were selected and matched 
with the subjects according to age, gender, pubertal 
maturation, schooling level, birthplace of parents 
and grandparents, and social status.
We excluded from the study young people receiving 
medication or suffering from an illness that affected 
body composition, metabolism, or kidney function, 
or that hampered data collection; highly trained 
athletes who take part in competitive sports with 
high requirements of performance, and pregnant or 
lactating girls. 
After reading and signing the informed consent 
form, the young people and their parents or 
guardians were asked about their geographical 
birthplace, perinatal data, family history of obesity, 
and socioeconomic status. After that, an 8 mL 
blood sample was taken for DNA extraction. Food 
consumption, physical activity, and the number of 
hours spent watching television and playing video 
games were assessed. In addition, information on 
their pubertal maturation status and anthropometric 
measurements, such as weight (W), height (H), 
subscapular (SSF) and tricipital skin folds (TSF), 
and waist circumference (WC), were obtained to 
calculate the BMI and body fat percentage (BF%) 
indicators.
Anthropometry
Weight, height, and waist circumference were 
measured according to international standards. 
The Lohman equation was used to calculate 
the BF% (32). WC was considered high when > 
p90 according to the Third National Health and 
Nutrition Examination Survey of the United States 
(NHANES III) (33).
Pubertal maturation 
Tanner’s classification (34,35) was used.
Food consumption
The 24-recall method was used. The information 
was collected at random in the subjects’ households 
throughout the week by trained nutrition students 
accompanied by the persons who prepared the 
food. Standardized food models were used (36).
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Physical activity
The three (3)-day Physical Activity Recall ques-
tionnaire (3DPAR) (37) was used. Based on the 
average metabolic equivalent task (MET) minute/
day, physical activity was classified as sedentary 
(1.0 to 1.4), indolent (1.4 to 1.6), active (1.6 to 1.9) 
and very active (1.9 to 2.5) (38).
Hours spent watching television and playing 
video games
The number of hours per day spent in these activ-
ities was obtained by questioning. Less than two 
hours a day indicated an active lifestyle, whereas 
more than two hours a day indicated a sedentary 
lifestyle (39).
Molecular data
DNA was extracted from the peripheral blood sample 
by a standard method of salting out. Genotyping 
of rs1800849 (-55 C/T) and rs17817449 (C/G) 
were performed by polymerase chain reaction and 
restriction fragment length polymorphism (PCR-
RFLP), and rs3842570 (IN/DEL 19) in CAPN10 was 
characterized using the size of the amplification 
product. The primers were designed on the basis of 
the DNA sequence of the target region accepted 
by the Genebank using the oligonucleotide design 
tool Primer 5.0 software. Forward (F) and reverse 
(R) primers were: 5’-GAGACTATATTAAAGCACC 
CCGGGTCAAGAGGAC -3’ and 5’- TCTGCTGC 
TTCTGGCTTGGCACTGGTCTTATACACCC 
-3’(UCP3-rs1800849); 5’- AGGACCTCCTATTTG 
GGACA -3’ and 5’- AGCTTCCATGGCTAGCATTA 
-3’ (FTO-rs17817449), and 5’- GTT TGGTTCTCT 
TCAGCGTGGAG -3’ and 5’- ATGAACCCTGGCAG 
GGTCTAAG -3’ (CAPN10-rs3842570); 10 μl of 
PCR product generated from rs1800849 (-55 C/T) 
and rs17817449 (C/G) were digested with SmaI and 
AlwNI, respectively. The genotypes were resolved 
by 2.5% agarose electrophoresis stained with 
ethidium bromide (EtBr).
Ethical issues
In all cases, the researchers complied with Reso-
lution 8430 (1993) issued by the Colombian 
Ministry of Social Protection. In addition, this study 
was approved by the Bioethics Committee of the 
University of Antioquia Research Center (CBEIM-
SIU). The consent form signed by the young 
people and their parents or guardians included 
the Declaration of Helsinki on ethical principles for 
medical research on human beings.
Statistical analysis
The descriptive statistics were analyzed with 
the Statistical Package for the Social Sciences, 
SPSS ® v19.0. The comparison of the qualitative 
environmental variables among the three weight 
groups was performed using χ2 tests. The residue 
normality assumption and homogeneity of variance 
were checked for variables using the Kolmogorov-
Smirnov and Levene tests, respectively. The 
Kruskal-Wallis test was used to compare weight 
groups for variables with non-normal distribution 
of residues and heterogeneous variance, and the 
Mann-Whitney U test was used for multiple com-
parisons between weight groups. Spearman’s Rho 
correlation was used for variable correlation.
The University of Antioquia´s Dietary Intake Assess-
ment Program v4 EVINDI was used to calculate 
the grams of food eaten by each individual. The 
Genpop v3.1 program (40) was used to calculate 
genotypic and allelic frequencies, and the Hardy-
Weinberg equilibrium was tested for each weight 
group and the total sample. Co-dominant, dominant 
and recessive models were tested. Single-locus 
test of association between either SNP allele 
frequencies or SNP genotype frequencies and 
case-control status were carried out via standard 
contingency χ2 tests. We performed 10,000 per-
mutations for significance testing to determine 
empirical significance using PLINK (v1.07) (41). 
Logistic-regression models were fitted to estimate 
the odds ratio (OR) and 95% confidence intervals 
(CI); multiple logistic-regression models were also 
used to control for the effect of covariates, as well 
as to test the interaction between the SNP and an 
obesogenic environment, such as watching television 
and playing video games more than two hours/day, 
which is straightforward way to measure indirectly. 
Significance was considered at the level of p<0.05.
Results
No significant differences were detected among the 
groups with respect to the variables that matched; 
statistical differences regarding the measurements 
of anthropometric, personal and family history and 
physical activity among the groups are presented 
in table 1. 
It is worth noting that all young people with healthy 
weight exhibited WC < p75. In contrast, 68.1% 
of subjects in the obese group and 8% in the 
over-weight group exhibited WC > p75. A strong 
correlation was found between BMI and WC 
(Rho=0.909; p<0.0001). 
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A family history of obesity was significantly more 
prevalent in the obese and overweight groups 
compared to the control group. In contrast, sub-
jects in the control group were breastfed in a 
significantly higher percentage than in the excess 
weight groups.
The physical activity level, measured in METs/
day, exhibited no significant difference among the 
groups. The obese and overweight groups spent 
significantly more hours per day watching television 
and playing video games than the control group 
(p=0.042). The overweight and obese groups con-
sumed significantly less cereals (p=0.040), fewer 
tubers and bananas (p=0.049) and legumes (p=0.028) 
than the normal-weight group.
The genetic analysis revealed that the observed 
genotypic frequencies for each of the three poly-
morphisms were distributed according to the Hardy-
Weinberg law (table 2). Allelic associations with 
excess weight were not significant for any of the 
three genetic variants (table 2). Only SNP19 of 
CAPN10 was associated with excess weight under 
the recessive model. We applied a permutation test 
to control the rate of error; these results maintained 
statistical significance, following adjustment 
for gender, age, breastfeeding, family history of 
obesity, and time spent watching television and 
playing video games (OR=1.69; CI 1.09-2.64, 
p=0.020) (table 3). Interaction between the SNPs 
and a sedentary lifestyle with excess weight was 
evaluated in this study. The interaction between 
the SNPs and sedentary lifestyle did not reach 
statistical significance (p>0.05). However, in a sub-
group of 258 youth with G/G or T/T genotype of 
FTO, association was found with overweight in 
those with a sedentary lifestyle compared to those 
with an active lifestyle (OR=2.42, CI 1.42-4.14, 
Table 1. General characteristics of the youngsters stratified by nutritional status
Variable Control
n=212
(% or mean±SD)
Overweight
n=112
(% or mean±SD)
Obese
n=100
(% or mean±SD)
p value
Gender, %
Females
Males
Age
Socioeconomic status, %
Low
Medium
High
Schooling level, %
Primary
Secondary
Birthplace of parents and grandparents, %
Antioquia
Another region
Pubertal maturation, %
Prepubertal 
Pubertal
Postpubertal
Obesity in the family, %
Maternal breastfeeding, %
Anthropometry
BMI, kg/m2
BF%
WC (cm)
Physical activity
MET/day
TV/hrs-day
Food intake 
Cereals (g)
Legumes (g) 
Tubers (g)
104 (50.0)
108 (50.0)
13.4±2.3
  80 (48.2)
  86 (52,1)
  46 (49.5)
  60 (53.1)
152 (48.9)
175 (50.0)
  37 (50.0)
  53 (60.2)
  72 (47.7)
  87 (47.0)
  77 (36.7)
204 (96.7)
18.80±2.03
23.40±6.98
63.70±5.70
 65.3± 9.9
  2.1±1.8
    10.0±161.5
  43.5±80.4
    38.0±138.8
62 (29.8)
50 (23.1)
13.3±2.0
48 (28.9)
42 (25.5)
22 (22.1)
25 (22.1)
87 (28.0)
92 (26.3)
20 (27.0)
17 (19.3)
39 (25.8)
56 (30.3)
60 (53.6)
99 (89.2)
22.60±1.81
29.90±6.17
72.20±5.40
 67.1±12.3
 3.1±1.8
 256.5±198.3
   51.0±103.2
 141.0±144.7
42 (20.2)
58 (26.9)
13,3±2.2
38 (22.9)
37 (22.4)
25 (26.9)
28 (24.8)
72 (23.2)
83 (23.7)
17 (23.0)
18 (20.5)
40 (26.5)
42 (22.7)
64 (64.0)
91 (91.0)
25.60±3.38
34.43±8.18
79.10±8.30
 66.5±10.9
3.0 ±2.1
 268.5±148.8
 23.8±65.6
   98.0±124.0
0.152**
0.989*
0.820**
0.481**
0.987**
0.196**
 0.0001**
0.025**
0.0001*
0.0001*
0.0001*
0.693*
0.042*
0.040*
0.028*
0.049*
BMI: body mass index; BF%: body fat percentage; WC: waist circumference; MET/day: metabolic equivalent task/day; TV/hrs-day: number of hours/
day spent watching television and playing video games
*Kruskal-Wallis test; **Chi-square test
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p=0.0005). Similarly, in 322 subjects with the C/C 
genotype of UCP3, those with a sedentary lifestyle 
were associated with excess weight (OR=2.02; CI 
1.25-3.25; p=0.0032). Finally, even in 151 young 
people with an active lifestyle, those with genotype 
I/I of SNP19 CAPN10 were associated to excess 
weight (OR=2.24; CI 1.09-4.64, p=0.0212) compared 
to genotypes I/D or D/D (table 4).
Discussion
This study found association between a family history 
of obesity and excess weight, which is possibly the 
result of the heritability. Obesity heritability was 
calculated by comparing the concordance between 
monozygotic (70% to 90%) and dizygotic (35% to 
45%) twins in previous studies (42). The heritability 
and prevalence of obesity are influenced by age; 
thus, susceptibility genes may also be different in 
children and adults. Of 25 variants found in 13 adult 
obesity genes, only 15 variants found in nine loci 
were reported in children; the latter included the 
FTO gene studied here (43,44).
In contrast with previous reports, in this study the 
rs17817449 polymorphism (T/G) of FTO showed 
no allele or genotype association with obesity or 
overweight. However, our confidence intervals are 
quite wide, indicating that we have found an absence 
of evidence but no evidence of absence. Both the 
variant evaluated here and the one reported in 
Mexico were in complete linkage disequilibrium with 
the variant rs9939609 common in Europe (11,13). 
A meta-analysis of genome-wide association studies 
(GWAS) in Asian population showed a strong 
effect of the G allele on BMI (β=8.46%, SE=0.79, 
p=4.6 x 10-27) (12). When the G allele frequency 
in this study (0.294) was compared with the 
frequencies obtained for European (0.447) and 
Table 2. Allelic and genotypic frequencies and Hardy-Weinberg equilibrium of FTO, UCP3 and CAPN10, and gene variants in the 
groups
Variant Genotype frequencies Allele frequencies p value*
n % n % n % % %
Control
FTO
UCP3
CAPN10
Overweight
FTO
UCP3
CAPN10
Obese
FTO
UCP3
CAPN10
109(TT)
162(CC)
55(II)
 58(TT)
  86(CC)
42(II)
  51(TT)
  78(CC)
34(II)
51.4
76.4
25.9
51.7
76.7
38.5
51
78
34
   83(TG)
   49(CT)
115(ID)
   45(TG)
   23(CT)
  47(ID)
   35(TG)
   22(CT)
  48(ID)
39.1
23.1
54.2
21.2
20.5
41.9
35
22
48
 20(GG)
 1(TT)
42(DD)
       9(GG)
 3(TT)
23(DD)
 14(GG)
 1(TT)
18(DD)
9.4
0.47
19.8
4.24
2.67
20.5
14
1
18
70.9(T)
 87.9(C)
53.0(I)
 71.8(T)
 87.0(C)
58.4(I)
68.5(T)
 89.0(C)
58.0(I)
29.0(G)
12.0(T)
46.9(D)
28.1(G)
12.9(T)
41.5(D)
31.5(G)
11.0(T)
42.0(D)
0.5046
0.3242
0.2172
1.0000
0.3889
0.1728
0.0643
0.6005
1.0000
* Chi-square test for Hardy-Weinberg equilibrium
Table 3. Genotype of the selected SNP and their association with excess weight 
Variant Genotype OR* (95% CI) p value OR** (95% CI) p value
FTO
rs17817449
UCP3
rs1800849
CAPN10
rs3842570
T/T
G/T
G/G
C/C
C/T
T/T
DD
I/D
I/I
ID/DD
II
1.00
1.18 (0.60-2.31)
1.16 (0.60-2.23)
1.00
2.22 (0.20-25.32)
1.95 (0.18-21.71)
1.00
0.82 (0.49 -1.37)
1.39 (0.80 – 2.42)
1.00
1.60 (1.05 – 2.43)
0.89a
0.72a
0.064a
0.027b
_
_
_
       1.00
       1.69 (1.09 – 2.64) 
_
_
_
0.020b
Excess weight: (overweight + obesity) 
a: p value corresponding to co-dominant model 
b: p value corresponding to dominant model 
p<0.05; OR*: Odds ratio crude; OR**: Adjustment for gender, age, breastfeeding, family history of obesity, time spent watching television and playing 
video games
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Mexican mestizo (0.211) populations (11,13), we 
were able to hypothesize that the ancestral state 
of the G allele is European because the genetic 
makeup of Colombian populations, evaluated by 
means of uniparental and biparental DNA markers, 
consists of 78% European, 16% Amerindian, 
and 6% African ancestry (45). There are many 
reasons for heterogeneity in genetic association 
studies; ethnic differences in genetic structure 
may produce different linkage disequilibrium (LD), 
thereby producing differences in the significance 
of the association test. Besides, differences in 
environmental, dietary or behavioral factors may 
also partially explain the heterogeneity in the 
genetic associations across ethnicities. 
FTO plays a role in the regulation of genes involved 
in appetite and lipid metabolism, which can be 
modulated by environmental factors (46). It is well 
known that the association of FTO variants with 
BMI is observed more frequently in sedentary 
teenagers (16,17,47). In this population, the FTO 
gene showed an association in young people to 
the obesogenic factor of the time spent watching 
television and playing video games, as has occurred 
in other populations (17,43,48). We found a signifi-
cant association between BMI and sedentary lifestyle, 
even after adjustment for physical activity. These 
results are consistent with previous studies (39,49).
Regarding UCP3 rs1800849 (-55C/T), the frequency 
of the C allele was 0.88, which is consistent with 
the frequency reported by Franco, et al., for an 
adult population of the same region of our study 
(0.86) despite the difference in sample size, 994 
(50). This polymorphism (-55C/T) showed no allele 
or genotype association with obesity or overweight. 
UCP3 has not been reported in any GWAS, possibly 
because the frequencies of the risk variants of this 
gene are highly variable among populations. The 
associations reported in several Latin American 
populations were with type 2 diabetes mellitus (51) 
and were only found in association with obesity in 
American and European populations when consid-
ering the effects of variants in the adjacent gene 
UCP2 (18,19,22,52). Ochoa, et al., studied a sample 
of 143 obese children and 170 controls in Spain and 
evaluated two additional variants in UCP2 (-866G/A 
and 45bp I/D) with the same results of this study 
(-55C/T): The frequency of the C allele was 0.85 in 
Spain and 0.88 in Colombia (50,52). These results 
might suggest that the ancestral state of the C allele 
in Colombia may be Spanish, as conquistadors 
conquered and colonized this region.
Consistent with our results, there was no association 
between obesity and genotypes of UCP3 in Spain; 
however, a significant association was observed 
between obesity and the haplotype -866 A, 45D, 
-55T of UCP3 (50,52). In our study, the association 
of the C/C genotype of UCP3 with excess weight 
was only found in sedentary teenagers. This 
outcome suggests that the expression of this 
gene in the study population could be mediated 
by physical activity, as other studies have shown 
(20-22).
The relationship between genetic variants of FTO 
and UCP3 with overweight in young people with 
a sedentary lifestyle agrees with the finding that 
physical activity is highly beneficial, to the extent 
that it could be proposed as a replacement for drug 
therapies in diseases of the metabolic syndrome 
(39,53).
Table 4. Excess weight associated with polymorphisms in genes and lifestyle
FTO Genotype G/G and T/T Genotype G/T
Sedentary
Active
EW/control
94/67
35/62
OR* (95% CI)
2.49 (1.48-4.18)
OR**(95% CI), p
2.42 (1.42-4.14)
p=0.0005**
EW/control
54/52
26/28
OR* (95% CI)
1.12 (0.52-2.15)
OR**(95% CI), p
1.24 (0.63-2.45)
p=0.7388
UCP3 Genotype C/C Genotype C/T and T/T
Sedentary
Active
EW/control
117/89
46/70
OR* (95% CI)
2.00 (1.26-3.18)
OR**(95% CI),p
2.02 (1.25-3.25)
p=0.0032**
EW/control
31/30
15/20
OR* (95% CI)
1.38 (0.60-3.18)
OR** (95% CI),p
1.48 (0.62-3.52)
p=0.5008
Sedentary lifestyle (Tv>2h/d) Active lifestyle (Tv<2h/d)
CAPN10
I/I
I/D-D/D
EW/control
49/32
99/87
OR* (95% CI)
1.35 (0.79-2.29)
OR** (95% CI),p
1.34 (0.79-2.28)
p= 0.2773
EW/control
25/21
36/69
OR* (95% CI)
2.28 (1.13-4.62)
OR** (95% CI),p
2.24 (1.09-4.64)
p= 0.0212*
EW: Excess weight (overweight + obesity); OR*: Odds ratio crude; OR: Odds ratio adjustment for gender, age and family history of obesity
Chi squares *p<0.05 **p<0.01
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Few results have associated the CAPN10 gene 
variant rs3842570 with obesity or type 2 diabetes 
mellitus. However, rs3842570 belongs to the 
diplotype 112/121 formed by the 43-19-63 SNPs 
identified as being of high risk for type 2 diabetes 
mellitus in the Mexican-American, Pima, Finnish, 
and German populations (26). The I allele frequency 
is highly variable across the continents, so the 
frequency found in this study (0.56) is lower than 
that reported in a Spanish population (0.64) (54), 
but similar to the frequencies reported for the 
Mexican-American (0.57), Hispanic (0.54) (55), and 
Arab Tunisian (0.57) (56) populations, while the 
frequency in Asian populations is 0.30 (25,56).
SNP19 of CAPN10 is located in an intron. This 
strongly suggests that it corresponds to a neutral 
variant. The particular associations that have been 
observed are the result of LD with one or more 
variants that increase or decrease the CAPN10 
gene expression, whereby this allele can be a risk 
factor in one population and a protector factor in 
another (18,25,54,56). It has been proposed that 
LD can occur with variants in the CAPN10 gene 
promoter, which may involve changes in gene 
expression caused by environmental factors. In 
this study, genotype I/I was significantly associated 
with excess weight more than in the normal weight 
group under a recessive model, similar to data 
previously reported in Mexican children for the 
same age ranges (28); however, the association 
has little significance and should be studied in 
more detail. Interestingly, the association between 
excess weight and genotype I/I persisted even in 
those young people with an active lifestyle.
This study did not demonstrate genotype x envi-
ronment interaction, possibly because the effect of 
each variant on excess weight is very small; also in 
chronic conditions, such as obesity, association only 
manifests itself later in life, after the accumulation of 
fat over time, due to an obesogenic environment. 
Although our study helps to understand excess 
weight in the population studied, it does have 
some limitations. It is a non-longitudinal study, the 
sample size is small and the associations are not 
very significant. Nevertheless, it constitutes the first 
approach to assess environmental and genetic 
risk factors associated with obesity in children and 
teenagers in a Colombian population. This and 
similar studies give us elements that help understand 
and prevent diseases associated with obesity. 
Furthermore, evaluation of SNPs in genetically mixed 
populations contributes to validate the universality 
of genetic markers for obesity predisposition.
In summary, our results concerning genotype and 
environment relations playing a role in obesity 
demonstrate the complex nature behind excess 
weight in an admixed population. On the one hand, 
we showed an association that suggested the 
relationship of genetics with obesity, as illustrated 
by genotype I/I of SNP19 of CAPN10, while, on 
the other hand, we identified the fact that low-
fiber food and high fast-food intake, together with 
a sedentary lifestyle, are critical environmental 
variables contributing to the obesity epidemic in 
young people.
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